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LOAD  DISTRIBUTIONS  DOE  TO  STEADY  BOLL  AND  PITCH 
FOB  THIN  WINGS  AT  SOPERSCWIC  SPEEDS 
By  W.  E.  MoecEel  and  J.  C.  Eward 


SOMMABY 

A  method  is  presented  for  determining  the  load  distribution  due 
to  steady  roll  and  pitch  for  thin  flat-plate  wings  whose  plan  form 
is  arbitrary  except  that  a  part  of  the  leading  edge  must  be  supersonic. 

For  wings  with  stral^t  supersonic  leeidlng  edges,  the  load 
distributions  due  to  angle  of  attack,  steady  roll,  and  steady  pitch 
are  explicitly  evaluated  and  are  computed  for  a  family  of  wings  whoso 
plan  form  Includes  most  typos  of  flow  region  commonly  encountered. 
These  caaputations  showed  that  negative  lift  existed  toward  the  rear 
of  pointed  wings  whose  aspect  ratio  was  small.  In  steady  roll, 
negative  loading  occurred  in  regions  influenced  by  the  edge  of  the 
plan  form  at  the  opposite  side  of  the  roll  axis.  When  the  pitch 
axis  was  located  near  the  semichord  position,  the  load  gpradlent  for 
steady  pitch  was  approximately  in  the  chordwise  direction,  except 
in  regions  influenced  by  subsonic  trailing  edges.  High  positive 
loading  occurred  toward  the  front  of  the  wing  and  hl^  negative 
loading  toward  the  rear. 


INTBODUCTIOW 

A  method  is  presented  in  reference  1  for  determining  the  pressure 
distribution  over  thin  wings  at  supersonic  speeds.  The  method  is 
based  on  an  integration  of  the  local  source  strength  (which  is 
proportional  to  the  local  slope  of  the  wing  surface)  over  the  regions 
of  the  disturbed  flow  field  that  lie  within  the  forward  Mach  cone 
from  a  point  on  the  wing  surface.  Beference  1  shows  that  the 
contributions  to  the  pressure  coefficient  of  the  disturbed  fields 
off  the  surface  of  the  wing  may  be  replaced  by  eq.ui valent  contribu¬ 
tions  of  parts  of  the  wing  surface,  and  that  some  of  the  surface 
integrals  that  are  involved  in  the  determination  of  pressure  coeffi¬ 
cient  may  be  reduced  to  line  Integrals. 

The  reduction  of  surface  integrals  to  line  Integrals  is  feasible 
for  all  regions  of  a  flat-plate  wing  except  those  Influenced  by 
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Interacting  disturbed  flow  fields  off  the  wing  plan  boundary.  For 
the  wing  shown  in  figure  1,  for  example,  all  regions  may  be  treated 
by  the  methods  of  reference  1  except  the  small  shaded  regions  at  the 
rear.  The  restriction  that  a  portion  of  the  leaidlng,  edge  must  be 
swept  ahead  of  the  Mach  lines  fran  the  foremost  point  of  the  wing 
thus  guarantees  that  some  portions  of  the  wing  will  be  subject  to 
the  methods  of  reference  1.  For  regions  Influenced  by  interacting 
disturbed  flow  fields,  more  elaborate  methods  are  required,  such  as 
those  used  for  delta  wings  in  reference  2. 

The  load  dlstrlbutione  due  to  roll  and  pitch  haye  been  detenained 
for  some  plan  forms  with  straight  edges  in  references  3  and  4.  The 
methods  of  reference  1  are  applied  herein  to  the  determination  of 
these  load  dlstrlbutione  for  more  general  classes  of  plan  form,  whose 
edges  may  be  curved.  For  a  family  of  wings  of  the  type  shown  in 
figure  1,  but  having,  for  convenience,  straight  supersonic  leading 
edges,  the  load  distributions  due  to  cusgle  of  attack,  steady  roll, 
and  steady  pitch  were  computed.  This  type  of  wing  was  chosen 
because  it  contains  most  types  of  flow  field  conanonly  encountered. 

This  smalysls  was  completed  at  the  BACA  Cleveland  laboratory 
during  January  1948. 


SyMBOi;S 

The  following  symbols,  some  of  which  are  illustrated  in  fig¬ 
ure  2  to  6,  are  used  throu^out  this  report: 

A,  B,  Cl, 

_  substitution  terms 
^10 


integration  limits 

b’,  c,  c* 

Cp  pressure  coefficient 

k  slope  of  straight  leading  edge  in  (u,v)  coordinate 

system 

Mach  number 

steady  rate  of  roll,  radians  per  second 
steady  rate  of  pitch,  radians  per  second 


M 

P 

q 
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3 


S 


area  or  area  IntegratloQ 


area  on  wing  surface 


U 


free-stream  Telocity  (in  x-dlrection) 


u,  T 


’’w 


yi(x) 

JzW 

U3(^)>  VsCu), 


Tarlables  of  Integration  in  oblique  coordinates 
oblique  coordinates  of  point  on  wing  surface 
oblique  coordinates  of  wing  yertex 

functions  defining  fom  of  ric^t  supersonic  leading 
edge 

functions  defining  fom  of  left  supersonic  leading 
edge 

functions  defining  fom  of  ri^t  subsonic  leading 
and  trailing  edges 


U4(v),  ▼4(“)> 
y4(x) 

w 


X,  y 
n 


^0 


a 


P 

0^,  Og 


functions  defining  fom  of  left  subsonic  leading 
and  trailing  edges 

component  of  peirturbation  Telocity  in  z-direction 
(positiTe  outward  from  z  «  0  plane) 

Cartesian  coordinates  of  point  on  wing  surface 

Tariables  of  integration  in  Cartesian  coordinates 

coordinate  of  roll  axis 

coordinate  of  pitch  axis 

angle  of  attack 

-  1 

w/C  for  top  and  bottom  wing  surface,  respectiyely, 
in  y  s  constant  plane 
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ANALYSIS 

A  plan  form  that  contains  most  types  of  wing  region  commonly 
encountered  is  shown  in  figure  1.  The  downstream  Mach  lines  from 
the  vertex  and  from  the  Junctures  of  the  suhsonic  and  supersonic 
sections  of  the  leading  edges  divide  the  plan  form  into  nine  types  of 
region  that  differ  in  the  type  and  number  of  wing  edges  that  affect 
the  pressure  distribution.  Regions  I  and  II  are  Influenced  only  by 
supersonic  leading  edges ^  whereas  regions  III^  IV,  and  V  are  affected 
also  by  one  subsonic  leading  or  trailing  edge.  In  regions  VI,  VII, 
and  VIII,  the  subsonic  edges  of  both  sides  of  the  wing  affect  the 
flow.  The  shaded  areas  represent  regions  that  are  affected  by 
interacting  perturbed  fields  off  the  wing  plan  form  and  are  not 
easily  treated  by  the  methods  of  reference  1. 

The  essential  equations  requited  to  determine  the  load  distribu¬ 
tion  for  the  type  of  wing  shown  in  figure  1  (without  the  shaded 
yogi  rm a )  joay  be  Obtained  from  a  consideration  of  regions  of  types  III, 
IV,  and  V.  For  these  types  of  region  (influenced  by  supersoalc 
leading  edges  and  only  one  subsonic  leading  or  trailing  edge),  an 
expression  was  derived  in  referaice  1  for  the  pressure  coefficient 
at  a  point  (x,y)  when  that  point  is  not  Influenced  by  vorticlty  off 
the  wing  plan-foim  boundary.  This  expression  is  (see  fig.  2); 
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vhere 


(ti),  - 


tlie  ddrlmtlYe  of  tho  equatloa  defining  the  plan 


foKU  of  the  aubsanlc  leading  and  trailing  edges  eraloated  at  the 
Interseotlon  of  the  rl^t  forward  Mach  line  fraa.  (x,y)  and  the  vlng 
houndaoT’  (point  d).  Eq.ttatian  (l)  was  shown  In  reference  1  to  contain 
an  additional  teni  of  a  f am  similar  to  the  line  Integral  along  the 
Mach  line  hd.  This  additional  line  integral  Is  related  to  iho 
Tortlolty  behind  the  trailing  edge  and  Is  therefore  zero  for  leading 
edges,  for  trailing  edges,  the  nature  of  the  line  Integral  depends 
on  the  candltlons  Imposed.  In  particular.  If  the  Zutta-Joukovslcl 
oandltlon  Is  Imposed,  the  additional  line  Integral  mnst  be  such  that 
It  exactly  cancels  the  Integral  along  the  Mach  line  bd.  Hence, 
equation  (l),  vlthout  the  last  Integral,  can  be  used  to  detemine  the 
pressure  coefficient  In  regions  lnflu«aeed  by  yortlcity  off  the  plan 
fom  proTlded  that  the  Entta-Joulcovskl  oandltlon  Is  imposed  at 
subsonic  trailing  edges.  The  imposition  of  this  condition,  although 
arbitrary,  is  oonTentlonal  emd  vlll  be  assumed  In  the  rest  of  the 
analysis. 

Tor  a  flat'plate  vlng,  the  effeotlTe  local  slopes  and 
for  deteminlng  the  loading  due  to  angle  of  attack,  steady  roll,  and 
steady  pitch,  are 


-  5  ■  -  n  ■  lo) 


4 


Where  p  and  q.  are  the  rates  of  roll  and  pitch,  respeotlTely,  in 
radians  per  second,  end  t)q  and  |  q  are  the  distances  frost  the 

origin  of  coordinates  to  the  roll  a^s  and  the  pitch  axis, 
respectively,  from  equations  (l)  to  (2b)  the  first,  secoM,  and 
fourth  Integrals  of  equation  (l)  are  seen  to  vanish  for  the  pressure 
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coefficient  due  to  angle  of  attack  and  roll,  whereas  the  second  and 
fourth  Integrals  vanish  for  the  pressure  coefficient  due  to  pitch. 

It  is  convenient  to  convert  the  required  integrals  to  an  oblique 
coordinate  system  whose  axes  are  the  rearward  Mach  lines  frcm  the 
origin.  The  origin  of  the  coordinates  is  tedcen  at  the  Juncture  of 
the  supersonic  and  subsonic  parts  of  the  leading  edge.  The  conversion 
equations  are  (fig.  3) 


U  -  Pn) 

I  =  |(v  4  u) 

uw  =  -  Py) 

I  =  +  «w) 


^  +  P’1) 

n  =  -  u) 

^w  “ 

y  “  "  ’v) 


(3) 


2  B 

The  elementary  area  in  this  coordinate  system  is  -jj”  dudv.  The 

coordinates  (u^,  v^)  or  (x,y)  are  used  to  represent  the  point 
on  the  wing  for  which  the  pressure  coefficient  is  desired,  whereas 
(u  v)  or  (|,Tj)  represent  variables  of  Integration.  In  the  oblique 
coordinate  system,  the  equations  for  the  load  distributions  due  to 
angle  of  attack,  roll,  and  pitch  become,  respectively,  u^g.  4) 


^b 

2  dv-du 

^  ^(u„-u)(vy-vl 

-^a 


(4) 


pTlo  P 


(v-U3-Mno)dv 


rb 


2 

rtMHo 


(v-u-Mqo) (dv-du) 


(4a) 
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2P 


(4b) 


where  U3  and  Its  derivatives  are  evaluated  for  v  »  v^f.  Eqtua- 

tions  (4).  (4a),  and  (4b)  can  be  integrated  for  arbitrary  forms  _ 

of  U3(vy.),  if  u  and  v  are  linearly  related  along  the  line  ab. 

In  other  words,  if  the  supersonic  part  of  the  leading  edge  is  a 
straight  line,  explicit  expressions  for  the  load  distribution  are 
readily  obtainable  for  arbitrary  fozms  of  the  subsonic  leading  and 
trailing  edges.  If  the  supersonic  leading  edge  is  not  a  straight 
line,  the  load  distributions  due  to  angle  of  attadc  and  roll  may 
still  be  obtained  by  means  of  a  simple  graphical  integration  along 
the  req,ulred  part  ab  of  the  leading  edge*  The  treatment  of  such 
wings  to  detexmlne  the  lift  distribution  is  descnrlbed  in  detail  in 
reference  5.  This  method  may  be  ireadlly  exitended  to  detenslne  the 
line  Integrals  along  ab  for  load  distribution  due  to  roll  and  pitch* 
The  area  Integral  required  for  the  pitch  loading  (equation  (4b)), 
althou£^  somefdiat  more  difficult  to  evaluate  than  the  line  Integrals, 
is  also  subject  to  strlpwlse,  graphical  Integration  methods. 

The  integrations  from  b  to  V|,.  in  equations  (4)  to  (4b) 

(along  the  Mach  line  u  s  U3(v'^))  are  Independent  of  the  form  of 
the  wing  boundary  and  hence  may  always  be  explicitly  Integrated. 

If  the  Eutta-Jouhowskl  condition  is  Imposed  at  the  trailing  edge, 
these  Integrals  need  be  evaluated  only  >dien  the  rl£^t  forwazd  Mach 
line  from  (u,,,v„.)  Intersects  the  plan-fom  boundary  at  a  subsonic 
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leading  edge  ^0  <  <  1^.  If  the  right  f  orwaxd  Mach  line  inter¬ 
sects  the  plan-fom  boundary  at  a  sabsonio  trailing  edge  (dv  ^  ^ 
the  Integrals  along  u  «  U3(t^)  Tanish. 


»nift  analysis  may  now  be  extended  to  regions  of  the  wing 
influenced  by  all  its  subsonic  leading  and  trailing  edges.  In  general, 
such  regions  may  be  of  two  types  (figs.  5(a)  and  5(b)).  In  both  types 
of  region,  the  left  forward  Mach  line  from  (u^^Tir)  intersects  a 
subsonic  leading  or  trailing  edge  at  the  opposite  side  of  the  wing. 

In  figure  5(a),  (tk^w^)  lies  In  a  region  cxf  type  71  (fig.  1),  for 

which  the  reflections  of  the  forward  Mach  lines  at  the  wing  boi^arles 
do  not  Intersect  on  the  wing  surface.  In  figure  5(b),  11®8 

In  a  region  of  type  Till,  for  which  the  reflections  of  the  forward 
Mach  lines  cross  on  the  wing  surface.  For  both  types  of  region,  the 
methods  of  reference  1  Indicate  that  an  additional  line  integral 
along  the  Mach  line  t  «  ▼4('Hr)  added  to  equation  (4) .  These 

Integrals  are  the  same  as  those  along  u  ■  U3(Ty),  except  that  t 
replaces  u,  and  replaces  U3.  The  s«3.se  of  the  Integration  Is 
again  from  the  supersonic  leading  edge  or  V2  to  the  subsonic 

edge  T4.  The  Integration  along  t  *  T4,  like  that  along  u  ■  U3, 
▼anishes  (for  solutions  that  satisfy  the  Khtta-Joukowskl  condition) 
if  the  forward  Mach  lino  from  (u^^^y^)  Intersects  a  subsonic  trailing 

edge  (as  It  does,  for  eiamplo.  In  fig.  5(b)). 

Along  the  supersonic  leading  edge,  the  sense  of  the  Integration 
Is  from  a  to  b  for  both  types  of  region.  The  values  of  toe  line 
Integrals  along  ab  are  thus  of  opposite  sign  for  figures  5(a)  and  5vbl 

The  area  Integrations  for  toe  pitch  loading  (equation  (4c))  extend 
over  the  shaded  areas  of  figures  5(a)  and  5(b).  For  the  type  of 
region  shown  In  figure  5(b),  toe  area  Integration  consists  of  too 
parts.  integration  over  the  downstream  area  is  Independent  of 

the  form  of  the  supersonic  leading  edge.  The  Integration  over  toe 
upstream  area  depends  on  toe  contour  of  toe  supersonic  leading  edge. 

This  Integration  is  subtracted  from  the  Integration  for  the  lower  area, 
because  too  area  cancelations  ar«  involved,  one  for  each  of  the  regions 
off  the  too  subsonic  leadlxxg  edges  (reference  l). 

For  regions  of  type  7II  (fig.  l),  both  rl^t  and  left  reflected 
Mach  lines  Intersect  the  plan-form  boundary  along  the  same  supersonic 
leading  edge.  A  point  in  this  region  Is  like  a  point  In  Mglcax  TUI 
If  toe  Mach  lines  cross  on  toe  surface  and  Is  like  a  point  in 
region  71  if  the  Mach  lines  do  not  cross. 
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For  regions  of  types  I  and  II,  both  forward  Mach  lines  Intersect 
the  plan-form  boundary  at  supersoalc  leading  edges.  Hence,  all  of 
the  line  Integrals  except  that  along  the  supersonic  leading  edge 
vanish,  and  the  limits  for  this  Integral  are  the  points  of  intersec¬ 
tion  of  the  forwa^  Mach  lines  with  the  leading  edge.  The  area 
integration  for  the  pitch  loading  extends  over  the  region  bounded 
by  the  forvai^  Mach  lines  and  the  leading  edge. 


APPLICATION  TO  WINGS  WITH  STRAIGHT 
SUPERSONIC  LEADING  EDGES 


When  the  vlng  is  symmetrical  and  a  section  of  the  leading  edge 
on  both  sides  of  the  line  of  symmetry  is  straight  and  swept  ahead 
of  the  Mach  lines  from  the  vertex,  Idie  equations  for  the  supersonic 


leading  edges  are 


-  i- 


The  origin  of 


coordinates  is  taken  at  the  Juncture  of  the  supersonic  and  subsonic 
leading  edges  (fig.  6).  The  axis  of  symmetry  is  idraitified  with  the 
roll  axis.  For  a  general  region  on  such  a  wing,  line  integrals  are 
required  along  the  Mach  lines  reflected  from  the  subsonic  leading 
edges  and  along  the  two  sections  of  the  supersonic  leading  edge. 

The  limits  for  these  line  integrals,  as  well  as  those  for  the  area 
integration  required  for  pitch  loading,  vary  with  the  type  of  region 
considered.  The  presentation  is  simplified  if  the  expressions  for 
a  general  region  are  first  evaluated  and  the  appropriate  limits  for 
each  region  are  then  indicated. 


In  the  following  expressions  for  the  load  distributions  due  to 
angle  of  attack,  steady  roll,  and  steady  pitch,  respectively,  -Oie 
first  integral  is  the  line  integral  along  v  =  V4(u),  the  second  is 
the  integral  along  u  =  ujCv),  the  third  is  along  u  =  U]_(v),  and 
the  fourth  is  along  u  =  U2(v); 


(5) 
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where 


la  the  integration  over  the  req.ulred  areas  for  each  region. 

BVom  these  integrals,  the  following  explicit  expressions  are 
obtained  for  the  load  distributions  due  to  angle  of  attack,  steady 
roll,  and  steady  pitch,  respectively: 


(6) 
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The  appropriate  limits  for  each  of  the  elgpit  regions  shown  in 
figure  6  are  given  in  the  following  table: 


Wing  regions  (fig.  6) 


Limit 


I  II  III 


a  «w  «v 


a'  Uy.  Uy 


^  -ug/k  -U3/ 


-Us/k  -kuj  + 


VI 

VII 

^4 

k 

■  k 

^4 

▼4 

k 

k 

'^d 

“3 

“3 

>^3 

-U3/k 

-kU3  +. 

Mnod-k) 

An  examination  of  equations  (6)  to  (6b)  shows  that  the  arc-tangent 
factors  are  the  same  for  each  type  of  load  distribution.  The  square- 
root  terms  au:e  also  the  same  for  the  roll  and  pitch  loadings. 
Application  of  the  foregoing  table  to  equations  (6)  to  (6b)  shows 
that  many  terms  vanish  for  some  of  the  wing  regions  because  the  upper 
emd  lower  limits  are  Identical.  The  location  of  these  limits  for 
regions  of  types  VI  and  VIII  are  shown  in  figure  5. 


The  expressions  for  S  in  each  region  are: 
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Area  integration,  S 


It- 

^1)  A 

+  BCg 

2C3 

+  AC4 

2C3 

+  A(C4 

-  Cj^)  + 

BCg 

2C5 

+  BCg 

2(67 

+  C3) 

+  A(C4  • 

■  +  B(Cg 

2(67 

+  C5) 

+  B(Cg  . 

'  Cg) 

2(65 

+  C3_q) 

'  +  A(C;l 

-  Cg)  +  B(C 

(“w  + 

[laL.+v  -Mrio(l-lc)] 


u^“ 


(u^-U3)  [v^+ku3-MTlo(l“^)] 


Vy+kU3-MTiQ(l-k) 


(l-k)  (v:^-V4) 


ku^+V4-MriQ(l-k) 


('V-u3)K+ir) 


C9  =  tan  y 


^4 
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Equations  (6)  to  (6b)  have  been  used  to  calculate  the  load 
distributions  due  to  lift,  roll,  and  pitch  for  the  wing  shown  in 
figure  7*  For  computation,  use  of  the  coordinates  u^^jtjQj 
and  rather  than  convenient.  .These  coordinates 

make  equations  6  to  6(b)  nondlmenslonal. 

Ppo 

For  the  wing  shown  in  figure  7,  the  ratio  -e -  was  taken 

^  0 

equal  to  1.0.  The  vedue  of  k  is  l/3.  The  equations  for  the 
subsonic  edges  were  assumed  to  be 


“3 


Mhol 


Choi) 


^4 

Mhol 


1  +  4 


Choi  '  ^ 


(7) 


In  order  to  satisfy  the  Eutta-Joukowskl  condition,  the  Integral 
along  u  =  U3  is  zero  for  ^  12“^/^;  and  the  integral 

along  V  =  T4  is  zero  for  u^/(M|tiQ|)  >  1  +  12"^/^,  because 
dU3  dvA 

and  are  then  greater  than  unity, 

dv  du 

The  contour  of  the  wing  is  represented  in  figure  7  for  a  Mach 
number  of  '(‘i,  althou^  in  the  (u,v)  coordinate  system  the  plot 
represents  a  series  of  wings  whose  spatial  contours  vary  with  Mach 
number  according  to  equations  (7)  and  the  value  k  =  l/3.  Hence 
the  load  distributions  calculated  for  this  wing  apply  directly  to, 
all  wings  of  the  series  defined  by  k  =  l/3  and  equations  (7).  The 
load  distributions  for  a  considerable  variety  of  plan  forme,  at  a 
given  Mach  number,  can  be  obtained  from  the  load  distributions 
calculated  for  the  wing  of  figure  7  by  terminating  the  wing  with  any 
fom  of  supersonic  trailing  edge.  The  load  distributions  for  the 
remaining  regions  of  the  wing  are  unaffected  by  such  changes. 

The  effect  of  altering  the  location  of  the  roll  or  pitch  axes 
can  be  determined  with  the  aid  of  the  superposition  principle.  If 
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the  roll  and  pitch  axes  are  shifted  to  and  respectively, 

then  equations  (2a)  and  (213)  become,  for  roll, 

ct  »  -  J(n-no)  -  §(no-^i) 

and,  for  pitch, 

<’T  •  -  §«-y  -  g(fo-u 


Ob '§<e-So>  ('*) 

Because  §(no“'ni)  constants,  the  contributions 

to  the  load  distributions  due  to  these  terms  are  exactly  equivalent 
to  the  load  distributions  due  to  the  corresponding  angles  of  attack. 
Thus,  If  the  load  distributions  are  computed  for  the  axes 

and  lo  (or  for  some  relation  such  as  ^|'lo|/^0  “  assumed 

for  the  wing  of  fig.  7),  the  load  distributions  for  roll  or  pitch 
about  any  other  axes  are  simply  the  load  distributions  for  the 
axes  and  Iq  distributions  for  the  angles  of 

attack: 

a  =  ±  g(no-’ii) 

and 

«.  =  ±  §(  lo"  ^1^ 

For  a  family  of  wings  whose  contour  is  represented  by  the 
value  k  =  l/3,  and  equation  (7),  the  load  distributions  due  to 
angle  of  attack,  steady  roll,  and  steady  pitch  are  shown  In  fig¬ 
ures  8,  9,  and  10,  respectively.  The  dashed  lines  In  these  figures 
are  Mach  lines  that  separate  the  various  regions  Indicated  In 

figure  7.  The  additional  Mach  lines  at  Uy./(M|tiQ|)  =  1.29  and 
at  v^/(Mlno|)  =  0-29  separate  the  regions  influenced  by  the  subsonic 
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trailing  edges  from  those  Influenced  only  hy  leading  edges.  The  pres¬ 
sure  coefficient  Is  zero  along  the  subsonic  trailing  edge  for  each 
type  of  loading,  because  the  Kiitta-Joukowski  condition  was  Imposed 
In  each  case.  Along  each  subsonic  leading  edge  the  pressure  coeffi¬ 
cient  Is  Infinite. 

The  lift  distribution  shows  that  positive  lift  exists  on  all 
parts  of  the  wing  surface  except  the  extreme  rearward  tip  (region  VIII 
and  peirt  of  region  VII).  This  negative  region  Is  a  result  of  the 
upwash  over  the  subsonic  edges.  The  lift  decreases  rapidly  toward 
the  subsonic  edges.  The  region  of  the  wing  having  the  hipest  lift 
Is  that  bounded  by  the  leading  edges  and  by  the  Mach  lines  from  the 
beginning  of  the  trailing  edges. 

For  steady  roll  (fig.  9),  the  loading  Is  negative  in  the  outboard 
part  of  region  IV  and  In  nearly  all  of  regions  V,  VI,  and  VII.  In 
region  VIII,  the  loading  again  becomes  positive.  The  large  ne^tlve 
region  results  because  the  greatest  contribution  to  the  loading 
proceeds  from  the  leading  edge  on  the  opposite  side  of  the  wing, 
where  the  vertical  component  of  the  perturbation  velocity  Is  of 
opposite  sign. 

The  load  gradient  for  steady  pitch  (fig.  10)  Is  primarily  In 
the  chordwlse  direction,  except  In  the  regions  Influenced  largely  by 
subsonic  trailing  edges.  Hl^  positive  loading  occurs  toward  the 
front  of  the  wing  and  high  negative  loading  toward  the  rear.  The 
loading  becomes  negative  ahead  of  the  pitch  axis  because  the  contribu¬ 
tion  due  to  the  area  Integration  and  the  contribution  due  to  the  line 
Integrals  are  of  opposite  sign  ahead  of  the  pitch  axis  (|q  >  |).  The 
loading  therefore  changes  sign  when  the  contribution  of  the  Integrals 
over  the  area  Included  in  the  forward  Mach  cone  Is  sufficiently 
letrge  to  overbalance  the  contribution  due  to  the  line  Integrals. 


SUMMARY  OF  THEORY  AND  RESULTS 

A  method  has  been  presented  for  determining  the  load  distribution 
due  to  steeuiy  roll  and  steady  pitch  on  thin  wings  whose  plan  form  is 
arbitrary  except  that  a  part  of  the  leading  edge  must  be  supersonic. 
When  the  supersonic  part  of  the  leatdlng  edge  is  a  stral^t  line, 
these  load  distributions  can  be  eipllcltly  evaluated  for  all  regions 
of  the  wing  except  those  Influenced  by  interacting  flow  fields  off 
the  plan  form. 

For  a  particular  family  of  wings  having  a  plan  form  that 
includes  most  types  of  flow  field  commonly  encountered,  the  load 
distributions  due  to  angle  of  attack,  steady  roll,  and  steady  pitch 
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were  ccamputed.  The  lift  distribution  for  this  family  of  wings 
showed  that  negative  lift  may  exist  toward  the  resir  of  pointed 
wings  if  the  aspect  ratio  Is  small.  The  hipest  lift  occurred  In 
regions  ecffected  only  by  leading  edges.  In  steady  roll,  negative 
loading  occurred  In  regions  Influenced  by  the  edge  of  the  plan  form 
at  the  opposite  side  of  the  roll  axis.  At  the  extrone  rear  of  a 
low-aspect-ratio  wing,  the  loading  again  became  positive.  With  the 
pitch  axis  located  near  the  semichord  position,  the  load  gradient 
for  steady  pitch  was  primarily  In  the  chordwlse  direction  except 
In  regions  Influenced  by  subsonic  trailing  edges.  Ei£^  positive 
loading  occurred  toward  the  front  of  the  wing  and  high  negative 
loading  toward  the  rear. 


Flight  Propulsion  Besearch  Laboratory, 

National  Advisory  Consul ttee  for  Aeronautics, 
Cleveland,  Ohio,  May  15,  1948. 
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Figure  6.  -  Geometric  parameters  f 
supersonic  leading  edges  and  arb 
ing  edges. 
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Figure  7,  -  Fora  of  wing  analyzed.  M  =>12. 
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Figure  8,  -  lift  distribution  for  series  of  wings  defined  by  k  =  l/3  and  equations  (7), 


M|t,o| 
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Figure  10.  -  Load  distribution  in  steady  pitch  for  wing  defined  by  k  =  l/3  and  equatlona  (7), 


